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Abstract 
Finite-element analysis method is used to make numerical analysis of fins with an excessive width and the 
unfavorable consequences are directly displayed in this paper. Compensation measures are proposed to increase the 
fin thickness or the thickness of fin root. Besides, the results of numerical analysis and compensation effect of the 
measures are provided for further discussion. 
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1. Introduction 
Large-scale DC super (super) critical boilers specially designed by boiler factory are usually used as 
the power provider in power station at recent years. This kind of biller with complex structure and 
consisted many parts is very bulky and heavy, which makes it impossible to manufacture it as an integral 
whole in the boiler factory and then move it to the needed place. We can only transport it as parts or 
components to the working site and build up and fixed by the professional boiler installer, then putting it 
into production after properly modified. Owing to the complexity of the building-up procedure and the 
particularity of boiler installation, it is inevitable to produce many problems, such as the width of the 
vertical water wall fin is wider than the design value (the excessive wider fin) caused by the accumulation 
of installation errors. 
2. The unfavorable consequences caused by the excessive wider fin and the compensation measures  
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Combustion heat load is transmitted to the water wall surface mainly by the way of radiation and then 
conducts through the metal pipe to the inside of the pipe. Working fluid in pipes (water) absorbs heat by 
convection and takes away the heat (The water wall can be regarded as insulator because thermal 
insulating material is fixed on the back surface of the wall). The radiant heat absorbed by the fin starting 
from the midpoint conducts toward to both sides , finally reaches to the pipe wall. So the temperature of 
the midpoint on fire side is the tallest and gradually reduces along the both sides. To intuitive display, we 
use finite-element method to analysis the temperature field. 
2.1 Mathematical model 
As the complexity of the boiler structure, to simplify the calculation of ultra (ultra) supercritical 
pressure boilers, some reasonable assumptions are induced as follows: 
z For the ultra (ultra) supercritical pressure boilers, the water inside the pipes absorbs heat. As the 
increasing of the temperature of actuating medium, the pipe wall’s temperature would be 
increasing along the axial direction. However according to literature 6, for all kinds of 
supercritical pressure boiler the temperature gradient in the axial direction(2.5~6.5ć/m) is much 
more smaller than it is in the radial direction˄5000~15000ć/m˅[1]. So the conduction in axial 
direction can be ignored and it can be simplified as a two dimension problem. 
z During the startup, outage and changing load process of the boiler, the temperature varies very 
slowly which is no more than 3ć/min. The temperature field of the water wall changes slowly 
enough relative to observation so that the conduction in the water wall can be regarded as steady-
state heat conduction. 
z At any sections, the convective heat transfer coefficient of pipe inner side and working medium 
and the temperature of working fluid can be seen as uniform distribution which can reach a stable 
value at certain conditions. Under supercritical pressure, the water maintains single phase so the 
assumption is correct. For internally ribbed tubes, they can be treated using the same method as 
long as the inner diameter taking as Equivalent Diameter[2]. 
z The radiant heat absorbed by Membrane water wall wholly come from the imaginary plane, and 
on the plane surface radiant heat load distribute uniformly, while at the fire-facing side the 
practical thermal load can be determined according to the angle factor of different point[3][4][5]. 
Whether to the vertical-platen water wall or spiral-coiled water wall can be treated with the same 
method. However, for the last the cross section on which the specific points located must be 
perpendicular to the axis. 
z The side unexposed to the fire is regarded as insulator, so the loss of heat by the furnace wall can 
be negligible. 
z The material characteristics of tubes and fins are isotropic. 
z The influences of external conditions are not considered, such as metal corrosion, slagging, 
ash deposition, fouling and so on. 
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Figure 1. Structure diagram of membrane water wall 
Owning to the symmetric distribution of water-wall structure and heating conditions, temperature field 
is symmetric as well. So we just need to study the region ABCGHDEFA which shows as Fig.1. There 
will not be damage caused by high temperature if the point A, the highest temperature of membrane water 
wall called severe point, is not overtemperature. To analyze the excessive wider fin’s influences to the 
temperature of the severe point, we take size of fin in Qinbei power station for an example to make 
solution of temperature field of different fin thickness  on the pitch of 45.0mm, 47.5mm,50.0mm, 
52.5mm, 55.0mm, 57.5mm and 60mm. 
Table 1. Structure and physical parameters of water wall in Qinbei power station[6] 
external 
diameter 
D(mm) 
inner 
diameter 
d(mm) 
pitch 
S(mm)
 fin 
thickness 
b(mm) 
thermal 
conductivity 
Ȝ(W/(mć)) 
38.1 23.1 50.8 6.4 42 
 
2.2 Numerical analysis of the excessive wider fin 
 Accurate temperature field of water wall is obtained by meshing very fine grid, given the temperature 
of working fluid in pipes is tp =350ć, heat load in furnace is q0=300000W/ m2  and convective heat 
transfer coefficient is D2=20000 W/(m2·ć). The partial temperature fields of the fin with different width 
are shown as follows. 
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Figure 2. Temperature field of b=6.4mmˈS=45.0m 
 
Figure 3. Temperature field of b=6.4mmˈS=60.0mm 
It is found through numerical results that the wall temperature changes with the temperature of 
working fluid and maintain a constant difference between them when heat load and convective heat 
transfer coefficient is invariant. Based on the simulation, the temperature curve between pitch and 
temperature difference is fitted under different fin thicknesses, such as Fig. 4. It is indicate that the 
temperature difference of the severe points gradually increase as fin width and the tendency between them 
is binomial. The temperature of the severe points may increase over 20ć when the pitch grows every 5 
mm which may make boiler unqualified and increase the hidden dangers to operate the boiler. If the 
workers made the width of the fin under allowable value by mistakes, we need to share the width equally 
to others and cut the vertical pipes and helical pipes installed, adjust the width of the vertical pipes and 
the angle between them. This project will cover a wide range of complex processes and may be a big, 
hard, high technical required work. Moreover, economic loss will be taken to power plants if construction 
period is delayed. So researching the temperature field of fins has important significance to guarantee the 
safety and economic operation of the power stations. 
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Figure 4. The relationship between pitch and temperature difference 
2.3 Numerical analysis of compensation for the excessive wider fin 
x The method of increasing the fin thickness 
The partial temperature fields of different thickness are shown as follows when the pitch remains 
unchanged, S=50.8 mm, q0=300kW/ m2ˈD2=20kW/(m2·ć)ˈtp =350ć. 
 
Figure 5. Temperature field of S=50.8 mm, b=4.0mm 
 
Figure 6. Temperature field of S=50.8 mm, b=6.0mm 
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Figure 7. Temperature field of S=50.8 mm, b=8.8mm 
 
Figure 8. Temperature field of S=50.8 mm, b=10.0mm 
Based on the simulation, the temperature curve between temperature difference and the fin thickness 
is fitted, such as Fig.9. 
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Figure 9. The relationship between temperature difference and the fin thickness 
From the Fig.9, we can see that the temperature of the severe points gradually decreases as fin 
thickness increases, but the tendency becomes more and more slowly and finally the temperature 
increases as fin thickness increases. When the fin thickness is 4.0mm, the severe temperature is 
429.54ć.When the thickness increases to 8.8 mm, the temperature decrease to 419.69ć. However, the 
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temperature increases to 419.90ć when the fin thickness increased to 10.0mm, so there must be an 
optimum thickness the fin thickness to make sure the severe point temperature keeps at a lowest value. 
Thus the method of adding the fin thickness can be considered when the wider fin emerges in project, but 
we can not unlimited increase the thickness which is contrast to some researcher’ conclusions, they 
argued that the temperature difference is inversely proportional to the fin thickness. Moreover, we can 
change the fin integrally in new installing boiler and increase the thickness by surfacing on the both sides 
of fins when the problem appears in the maintenance process. 
x The method of increasing the thickness of fin root 
The partial temperature fields are shown as follows by using finite-element analysis for five structures-
- thickness of fin root increase by every 2 mm on the basic of the fin thickness are 4.4 mm, 6.4 mm, 8.4 
mm respectively. 
 
Figure 10. Temperature field of b=6.4mm,B=b 
 
Figure 11. Temperature field of b=6.4mm,B=b +8 
Based on the simulation, the temperature curve of temperature difference versus different fin-foot 
thicknesses is plotted which is shown as Fig.12. 
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Figure 12. The relationship between temperature difference and the thickness of fin root 
The Fig.12 show that the temperature of the severe points is gradually decreasing follow the thickness 
of fin root increases and the amplitude variation becomes very slow with increasing the fin thickness. 
Besides the temperature difference between the fin and working fluid is linear relationship with the 
thickness of fin root. Surfacing is used to add the thickness of fin root in practical engineering. 
3. Conclusions 
z The method of numerical analysis is used to study the fins with an excessive width and the results 
show the relationship is binomial between the temperature difference of the severe points and the 
pitch. The width must be controlled under the design value in installation because the potential 
dangers are not easy to be detected and eliminated by the excessive wider fin. 
z If the excessive wider fin can not be repaired, surfacing is considered to be used to add the 
thickness of fin or fin foot. Which method adopted is based on specific cases, but the thickness 
can not be increased unlimitedly. It must be appropriate, or not only wasting materials and we can 
not get the desired results to reduce the severe points’ temperature. 
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